Various electrophoretic media, substrates, buffers, and conditions have been used to fractionate and characterize isoenzymes of alkaline phosphatase (orthophosphoric monoester phosphohydrolase, EC 3.1.3.1) from human serum and tissues (1-13). These methods were examined and found unsuitable for use in a routine clinical laboratory, which requires simple and practical methods. Our objective was to devise a routine method for fractionating and characterizing these isoenzymes. 
Materials and Methods

Blood and Tissue Samples
Peripheral blood was obtained by venipuncture from 12 normal adults, and from a series of patients with enhanced serum alkaline phosphatase activity.
After the fibrin clot retracted, the samples were centrifuged and the clear sera were removed for enzyme analysis.
Tissue samples obtained at autopsy were frozen and the alkaline phosphatases were extracted from the tissues according to the methods of Warnock (14) and Morton (15) . The tissue enzyme extracts were diluted from 2-to 100-fold with pooled human serum that had previously been heated 30 mm at 56#{176}C to destroy the endogenous enzyme (checked for complete destruction Before the sample was applied, the agarose film was submerged in 10 ml of substrate-barbital buffer for 1 h. The film was removed and the excess solution was allowed to drain off. A wedge of facial tissue was used to remove the substrate-electrophoresis buffer from the surface of each sample well. A microliter syringe (Model 701, Hamilton Co., Whittier, Calif. 90608) with a disposable polyethylene tip was used to dispense 0.5 l of reagent c into each sample well. One microliter of Enza-Trol was added to the first sample well, to serve as a control sample. To sample wells 2 through 8 were added I jl of each serum or tissue extract.
The agarose film was placed with the gel surface facing down and the sample wells oriented toward the cathode end of the electrophoresis cell. The hard-plastic backing sheet from the films was placed on top of the thin films and gently pressed down to establish a firm contact of the gel with the filter paper wicks (no. 319329, Beckman Instruments, Inc., Fullerton, Calif. 92634) in the electrode sections.
The electrophoresis buffer was barbital, pH 8.6. After the electrophoresis cell was closed with the plastic top, a black cloth was used to cover the entire cell. Electrophoresis was conducted at 130 V and 14 to 16 mA for 60 miti at room temperature.
Alkaline phosphatase activity development. About 1 ml of substrate-incubation buffer, pH 9.8, was applied as a streak on a 15 X 15-cm glass plate. Starting with the sample application end, the agarose film was laid on the streak so that the substrate-incubation buffer was evenly distributed between the gel and the glass surface. The agarose film and glass plates were placed in a glass tray of a water bath at 37#{176}C, and allowed to incubate for 2 h. The incubator was covered with a black cloth to protect the photosensitive fluorescent product of the reaction.
Immediately after incubation, the agarose film was dried at 80#{176}C for 15 mm in a draft oven (Fisher "Isotemp").
After the gel film was dry, the fluorescent product was stable to light exposure. with the lamp and filters described for scanning the zymograms, except that a cuvet holder unit was substituted for the scanning attachment.
Results
Technique.
The two details of the method that resulted in more narrow bands of enzymic activity were the presoaking of the agarose films in the substrate-barbital buffer and the addition of the surf actant, Triton X-l00 (16), to the sample application well. Another benefit of the presoaking step was an increased yield of the product, naphthol AS-MX, after the incubation at 37#{176}C. Of the various methods used for developing the zymograms, the "flotation" technique was the most practical and consistent: evaporation was minimized during the 2-h incubation, and damage to the gel surface on application of the substrate was eliminated.
The fluorometer scanner was adequate for this study, but resolution of the zones of enzyme activity was not optimal. Although two adjacent zones of alkaline phosphatase activity could be seen under ultraviolet light to be distinctly separated, the zymogram-fluorescence recordings showed that there was an appreciable overlap of the zones, the result of a compromise in scanning rate and response time inherent in the design of this fluorometer
system. An example of a typical serum protein fractionation obtained with the agarose-gel thin film is shown in Figure 1 . With repeated use of Enza-Trol as a control serum, we found two distinct regions of alkaline phosphatase activity to be consistently present, located in the a2-and 3-protein fractions (Figure 2 ). In view of this finding, the Enza-Trol serum was subsequently used both for the designation of the serum protein fractions and as a control for enzyme activity.
This eliminated the need for a serum protein electropherogram to assign protein mobilities. Reproducibility of the method was checked from both quantitative and electrophoretic aspects. A duplicate of serum alkaline phosphatase isoenzyme electrophoresis is shown in Figure 3 . The planimetrically measured area under each curve was 27 and 28 cm2. Analyses with 0.5-and 1.O-/Ll aliquots showed good quantitative agreement, 15 and 28 cm2, respectively (Figure 3 ). Serum alkaline phosphatase zymo grams. Fasting blood samples, drawn from six men and six women, were analyzed for total alkaline phosphatase activity by the method of Johnson (8) and for isoenzymes by our method.
The individual total alkaline phosphatase values ranged from 8 to 23 for the women and 12 to 27 for the men, and are consistent with the range of 8 to 20 U reported by Johnson (8).
Zymograms from these sera all showed a predominant zone of enzymic activity in the a2-globulin region. Figure 4 shows two types of isoenzyme patterns, as obtained with normal human sera having enzymic activities in the lower and upper normal range.
In an unselected series of 20 samples from hospitalized patients with enhanced total alkaline phosphatase values, several zymogram patterns were noted ( Figure 5 ). In some of the zymograms, we saw skewed rather than symmetrical peaks, and we attributed this to the failure to resolve a secondary peak of enzyme activity.
In none of the cases was enzymic activity detected in the 'y-globulin region.
Tissue alkaline phosphatase zymo grams. Tissue extracts were diluted with heat-treated serum to contain 30 to 60 U of total alkaline phosphatase. One microliter of each tissue sample was fractionated and scanned with the fluorometer.
The major fraction for liver extract was located in the a2 region, whereas bone zymogram exhibited a broad diffuse zone of enzyme activity that peaked in the fl-globulin, but extended into the a2-and y-globulin regions (Figure 6 ).
Figures 7 and 8 show the electrophoretic migration of the alkaline phosphatases in bovine intestine and human placenta, spleen, and kidney. The major zone of activity for each tissue is as follows:
#{149} Placenta: a peak in the first fl-globulin fraction overlapping into the a2 region. #{149} Intestine: a major peak in the fast -y-globulin region and a secondary peak in the a2, fl-zone. #{149} Spleen: a broad peak in the fl-globulin fraction with extensive overlap into the a2 and yglobulin regions.
#{149} Kidney: a single symmetrical peak in the 'y-region and a minor peak in the a, region. Because a-naphthol AS-MX is so highly fluorescent, serum volumes of 1 il or less are required for the assay. The sensitivity of the method is sufficient for the examination of isoenzymes in the sera of subjects whose alkaline phosphatase activity is within the normal range.
We In the sera of normal subjects the predominant enzyme activity is found in the a2-globulin region by our agarose thin-film method.
Others reported similar electrophoretic mobility of the alkaline phosphatase activity for normal sera on agar gels (1-3). Studies in which cellulose acetate was used as the electrophoretic medium are also in agreement (9, 11 in which starch gel was used, alkaline phosphatase activity was reported to be predominantly in the fl-globulin region (6) (7) (8) 1, 3, 6, 7) . A similar study has been done with use of our method, and will be reported elsewhere.
